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Background: During the development of the central
nervous system, large numbers of cells die by programmed
cell death. This process requires the activity of specific
gene products and subserves functions that include regu-
lating the sizes of interacting cell populations and remov-
ing cells that provide transient functions. Resolution of
programmed cell death often involves the elimination of
dying cell corpses by phagocytic macrophages. In Droso-
phila, the reaper gene plays a crucial role in mediating
programmed cell death; chromosomal deficiencies which
remove reaper result in an absence of programmed cell
death. We have used a reaper-deficiency mutant strain
Df(3R)H99 (or H99), in conjunction with strains contain-
ing cell-type-specific markers, to examine the role of pro-
grammed cell death in differentiation of the embryonic
central nervous system midline.
Results: Midline cell death was identified both by the
presence of excess midline cells in H99 mutants and by
the engulfment of dying midline cells by macrophages
in wild-type embryos. These developmental deaths are
lineage-specific: prominent midline glial death was
observed, while little if any death was detected among
the ventral unpaired median neurons. Examination of
H99 mutants indicates that cell death is not required for
the formation of macrophage precursors, or for their sub-
sequent migration throughout the embryo; however, in
the absence of dying cells, macrophage precursors do not
exhibit morphological differentiation or phagocytosis. In
both wild-type and H99 mutant embryos, a subset of
macrophages migrate along the ventral midline. This mid-
line migration is not observed in single-minded mutants, in
which ventral midline cells fail to develop.
Conclusions: Programmed cell death plays a crucial role
in the development of the central nervous system midline,
and dying midline cells are rapidly eliminated by phago-
cytic macrophages. It seems that the generation of engulf-
ment signals in cells undergoing programmed cell death
is downstream of reaper gene function, and that central
nervous system midline and/or ventral epidermal cells
provide directional cues for migrating macrophages.
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Background
During development of the nervous system, many more
cells are born than survive to generate functional neurons
and glia. Elimination of excess cells occurs by a process
known as programmed cell death. In both invertebrates
and vertebrates, several genes have been identified that
play essential roles in regulating cell death (reviewed in
[1,2]). In particular, members of two gene families -
ced-9/bcl-2 and ced-3/interleukin-l 3-converting enzyme
(ICE) - can act as positive or negative regulators of pro-
grammed cell death in a number of different cell types
(for examples, see [3,4])
Recent molecular genetic studies in Drosophila by Steller
and co-workers (reviewed in [5,6]) have led to identi-
fication of another key regulator of programmed cell
death, the reaper gene [7]. Reaper is expressed in doomed
and dying cells and encodes a novel low molecular
weight protein [7]. In strains deficient in reaper, there is a
block in apparently all embryonic cell deaths, and cell
death is restored by the reintroduction of the wild-type
reaper gene [7]. Although the mechanism of reaper func-
tion is at present unknown, the data suggest that reaper
plays a central role in coupling incoming death signals
with activation of the cell-death machinery [5].
Several aspects of Drosophila nervous system development
have been relatively well studied, including neuroblast
formation, neuronal differentiation, and axon guidance
(reviewed in [8,9]); however, the role of cell death during
these processes has received far less attention. We have
initiated an examination of programmed cell death dur-
ing the development of a specific nervous system struc-
ture, the central nervous system (CNS) midline. The cells
comprising the midline are derived from the mesecto-
derm, a set of seven or eight medial-lateral blastoderm
cells per segment that ultimately give rise to 25-30 neu-
rons and glia that lie along the axis of symmetry of the
ventral nerve cord [10,11]. Midline cells play important
roles in mediating the formation of commissural axon
tracts and the differentiation of adjacent ventral epider-
mal cells [12,13]. Because most of these cells can be
uniquely identified by morphological and molecular cri-
teria, the CNS midline should provide a useful model for
analyzing the role of programmed cell death in the differ-
entiation of specific nervous system cell types.
In this study, we have used a reaper-deficiency strain,
Df(3R)H99 (or H99), and several P-element strains that
carry P3-galactosidase reporter genes specifically expressed
in the CNS midline, to show that lineage-specific
programmed cell death occurs during CNS midline
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Fig. 1. Nervous system organization in
wild-type and H99 mutant embryos. (a)
Wild-type embryo stained with mono-
clonal antibody BP102 at stage 17, indi-
cating longitudinal (I) and commissural
(c) axon bundles. (b) In H99 mutant
embryos at stage 17, there is thickening
at the junction of the longitudinal and
commissural bundles (arrow). Scale bar
= 30 pm.
differentiation. In particular, cell death is prominent in the
midline glia, whereas few if any ventral unpaired median
(VUM) neurons undergo programmed cell death. This
was apparent both in H99 mutants, in which ectopic 'res-
cued' midline cells are detected from stage 13 onward
(stages defined in [14]), and in wild-type embryos, in
which midline cell corpses are rapidly engulfed by migra-
ting macrophages. We also analyzed the development and
function of phagocytic macrophages. We find that the for-
mation and migration of macrophage precursors does not
require cell death. In the absence of programmed cell
death, however, these cells exhibit neither morphological
differentiation nor phagocytosis, suggesting that the gen-
eration of engulfment signals in dying cells occurs down-
stream of reaper gene function. In both wild-type and H99
mutant Drosophila embryos, the ventral midline constitutes
a prominent macrophage migration route. This midline
migration is abolished in single-minded (sim) mutants, in
which CNS midline and ventral epidermal cells fail to dif-
ferentiate [12,13,15]. The data suggest that specific mid-
line-guidance cues, distinct from those generated via cell
death, are normally involved in macrophage migration.
Results and discussion
Programmed cell death and axon scaffold formation
The H99 deletion uncovers the reaper gene, and homo-
zygous H99 mutant strains have an embryonic-lethal
phenotype and an absence of cell death [7]. Although it
is unclear whether H99 uncovers more than one gene
involved in regulating cell death [6,7], it is nonetheless a
useful strain for examining the role of programmed cell
death during embryogenesis.
To begin our analysis of the role of cell death in the
development of the Drosophila nervous system, embryos
from the H99 strain were stained with the monoclonal
antibody BP102, which labels all CNS axons [16]. As
visualized with this antibody, the overall organization of
the axon scaffold in H99 mutants at stage 17 appears rela-
tively normal, as both longitudinal and commissural axon
bundles are present in the appropriate positions (Figs
la,b). There is, however, a thickening at the outer edge
of the junctions between the longitudinal and commis-
sural axon tracts, suggesting that at least some of the
excess neurons in H99 mutants [7] may send out axonal
processes. In addition, the nerve cord fails to condense
properly and retains a lengthened appearance even in late
H99 mutant embryos at stage 17 (data not shown).
Midline development in the absence of cell death
To characterize the role of programmed cell death in
development of the CNS midline, we used several P-
element strains containing transgenes that drive promin-
ent expression of a 3-galactosidase marker gene in some
or all of the developing midline cells. These markers
include: P[3.7sim/lacZ] [15,17]; P[1.Oslit/lacZ] [15,18];
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Fig. 2. Lineage-specific midline pro-
grammed cell death is indicated by the
presence of ectopic midline cells in H99
mutants. (a,b) Anti-[-galactosidase anti-
body labeling of stage 17 (a) wild-type or(b) H99 mutant embryos carrying the
P13.7sim/llacZ] transgene. In wild-type
embryos, the midline cells are organized
in segmentally reiterated 'pockets'
(arrow) separated by basement-mem-
brane pores (arrowhead). In H99 mut-
ants, there are excess midline cells and
an absence of normal segmental reitera-
tion (arrow). (c,d) Anti-[3-galactosidase
antibody labeling of stage 17 midline glia
in (c) wild-type and (d) H99 mutant
embryos, carrying the P[AA1 42/lacZ]
transgene. In H99 mutant embryos, some
ectopic midline glial cells express low
levels of -galactosidase (arrow). (e,f)
Staining of VUM neurons from (e) wild-
type and (f) H99 mutant embryos at stage
17 with antibody 22C10. No difference
was detected in the number of VUM
neurons present in wild-type (arrow) or
H99 mutant embryos (arrowhead). (g,h)
Anti-[3-galactosidase antibody labeling of
midline glia of stage 17 (g) wild-type or
(h) H99 mutant embryos carrying the
P[4.5sit/lacZ] transgene. Ectopic glia in
H99 mutants are present at dorsal (arrow)
and medial (arrowhead) positions in the
nerve cord. Medial 'rescued' glia extend
cytoplasmic projections similar to those
of wild-type midline glia. In (a-d), scale
bar = 65 pm; in (e,f), scale bar = 15 ILm;
and in (g,h), scale bar = 30 Lm.
P[4.5slit/lacZ] [18]; and P[AA142/lacZ] [10]. We rea-
soned that, if cell death occurs during normal midline
development, there should be an excess of midline cells
present in H99 mutants. This notion was investigated by
comparing the number of midline cells detected by anti-
13-galactosidase antibody staining of wild-type and H99
mutant embryos.
The P[3.7sim/lacZ] transgene yields detectable 13-galac-
tosidase protein expression in the midline cells from stage
7 until the end of embryogenesis [15,17]. Up until stage
11, high levels of -galactosidase expression is detected
in all midline nuclei, whereas high levels are maintained
only in the midline glia during later stages. No differ-
ences in midline cells were observed between wild-type
and H99 mutant embryos up to stage 13. This finding
is consistent with previous reports that the extent of
programmed cell death is minimal prior to germ-band
retraction [7,14,19]. However, from stage 13 onward,
there are additional 13-galactosidase-expressing midline
cells present in H99 mutants (Figs 2a,b). Furthermore,
the anatomical localization of the midline cells in these
mutants differs from that of wild-type embryos. In stage
17 wild-type embryos, the CNS midline cells are orga-
nized in segmentally reiterated pockets separated by a
series of basement-membrane pores that extend through
the nerve cord [20,21]. In H99 mutants, the midline
pores still form, but they become covered with ectopic
midline cells that are present along the dorsal surface of
the entire length of the nerve cord. Thus, in the absence
of cell death, the CNS midline is aberrantly organized.
Programmed cell death was also examined in defined
subsets of midline cells. The P[AA142/lacZ] strain carries
a 1-galactosidase transgene expressed in the midline glial
lineage during stages 12 to 17 [10]. In stage 12 embryos,
small clusters of developing glia contain cells that express
either high or low levels of 3-galactosidase; by stage 17,
high levels of 3-galactosidase are expressed in each of
three mature midline glia (anterior, posterior, and me-
dian) [10]. In H99 mutant embryos carrying P[AA142/
lacZ], at stage 17 there is a 2-3-fold increase in the num-
ber of detectable P-galactosidase-immunoreactive cells
(Figs 2c,d). Additionally, these midline cells express either
high or low levels of -galactosidase; most of the weakly
stained cells reside atop the midline pores. As there are no
equivalent weakly stained cells in wild-type P[AA142/
lacZ] embryos at stage 17, these probably correspond to
cells that normally would have died. In contrast to the
prominent midline glial death, we observed little, if any,
increase in the number of VUM neurons in H99 mutants,
as detected by the 22C10 monoclonal antibody (Figs 2e,f)
[22]. This result suggests that there is not significant cell
death in the developing VUM neuron lineage, indicating
lineage-specific differences in programmed cell death
among distinct CNS midline cell types.
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In wild-type embryos, the midline glia extend cytoplas-
mic projections which eventually enwrap the bundles of
axons comprising the anterior and posterior commissures
[23]. The fate of the rescued midline glia in H99 mutants
was examined using a P[4.5slit/lacZJ transgene. Unlike
the other markers used, which exhibit nuclear locali-
zation of 3-galactosidase, the P[4.5slit/lacZ] transgene
yields cytoplasmic P-galactosidase that is detectable in the
midline glia from stage 12 until the end of embryogenesis
[18]. It can therefore be used to monitor the morphology
of midline glia (Fig. 2g). As with the other midline
markers, there are excess P3-galactosidase-staining midline
cells present in H99 mutants at stage 17. Many of these
rescued cells come to reside along the dorsal surface of
the nerve cord, where they aggregate in discrete clumps
(Fig. 2h). These cells probably correspond to the anterior
and posterior midline glia, but because of their tight
aggregation it is unclear whether these cells all adopt
normal glial morphologies. There are additional rescued
cells located more ventrally that resemble the median
glia. These ectopic cells extend long cytoplasmic projec-
tions dorsally towards the axon commissures (Fig. 2h). As
they have normal gene expression patterns and adopt
positions and morphologies characteristic of wild-type
median midline glia, they may carry out comparable
functions. At the least, these ectopic glia appear not to
interfere with the formation of the anterior and posterior
commissures (Fig. lb), which is dependent upon normal
midline glial functions [10].
A common property of the midline glial markers used in
this study, including P[AA142/lacZ], P[4.5slit/lacZ], and
P[l.Oslit/lacZ], is that they exhibit cellular refinement of
Fig. 3. Cell counts of -galactosidase-immunoreactive midline
cells in segment Al of wild-type and H99 mutant embryos carry-
ing the P1l.Oslit/lacZ] transgene. Data are presented as mean +
standard error. Standard error = 0 for wild-type stage 15-16 and
stage 17; n = 10 for wild-type embryos at each stage, and n = 6
for H99 mutant embryos at each stage.
their expression during development. That is, the number
of midline cells in which they are initially expressed is
greater than the number of mature glia in which their
expression is ultimately restricted. This could be a direct
consequence of cell elimination via programmed cell
death and/or gene inactivation during midline glial dif-
ferentiation. To distinguish between these two possibili-
ties, we used the P[l.Oslit/lacZ] strain [18], in which mid-
line 3-galactosidase is initially detected in eight cells per
Al segment in stage 12 embryos, but becomes restricted
to three midline glia by stage 17 (Fig. 3). As seen with the
other midline markers, ectopic midline cells are detected
in H99 mutants carrying the P[l.Oslit/lacZJ marker from
stage 13 onward. In H99 mutants at stage 17, there
remain eight midline cells expressing 3-galactosidase, a
figure which matches the number of stained cells in stage
12 wild-type embryos (Fig. 3). This suggests that the
decrease in midline cells expressing 3-galactosidase from
the P[1.Oslit/lacZ] transgene is due, mostly or completely,
to cell elimination via programmed cell death, and that
rescued cells do not undergo additional cell divisions to
give rise to 13-galactosidase-expressing daughter cells.
Macrophage engulfment of dying midline cells
In many species, including Drosophila, dying cells are elim-
inated via engulfnent by specialized phagocytic cells
[19,24,25]. In Drosophila, the anterior mesoderm generates
hemocytes, which in turn differentiate into circulating
cells that are referred to as macrophages as they share scav-
enger and phagocytic properties with vertebrate macro-
phages [19,24,25]. Hemocytes are flattened and fibrob-
last-like whereas mature macrophages are large, spherical,
and vacuolated. These macrophages engulf dying cells,
a property that we utilized to investigate further pro-
grammed cell death during CNS midline development.
As 3-galactosidase protein is highly stable, we reasoned
that it should be possible to monitor the engulfment of
midline cell corpses by assaying the localization of 13-
galactosidase derived from the midline marker cells. We
detected 13-galactosidase in the nuclei of CNS midline
cells of P[3.7sim/lacZ] embryos, as well as in vesicles con-
tained within cells - apparently macrophages - local-
ized along, or beside, the midline (Fig. 4a). To confirm
the identity of these large cells, double-labeling experi-
ments were performed using the P[1.Oslit/lacZ] midline
marker. P[1.Oslit/lacZ] embryos were stained with both
anti--galactosidase and anti-peroxidasin, a serum anti-
body that binds to the membranes of hemocytes and
macrophages [25,26]. We detected 3-galactosidase im-
munoreactivity from stage 13 onwards in vesicles within
the cytoplasm of anti-peroxidasin-labeled macrophages,
confirming that dying CNS midline cells, in an entire or
partial form, are engulfed by migrating phagocytic
macrophages (Fig. 4c).
As only a small subset of macrophages contained detec-
table 13-galactosidase, and as this subset is dispersed
within the embryo, it appears that individual macro-
phages do not persist at specific sites upon phagocytosis.
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Fig. 4. Midline-derived -galactosidase
and reaper mRNA are detected in apop-
totic bodies within phagocytic macro-
phages. (a) Anti-3-galactosidase antibody
staining of a wild-type embryo at stage 14
carrying the P[3.7sim/lacZ] reporter gene.
Immunoreactive -galactosidase is detec-
ted within CNS midline cells as well as in
large, round, vacuolated cells (arrows)
along, or beside, the midline. (b) In H99
mutants, midline staining from P3.7sim/
lacZ] persists, but no -galactosidase is
detected laterally. (c) A stage 14 P[1.Oslit/
lacZ] embryo double-labeled with anti-[3-
galactosidase (blue) and anti-peroxidasin
(brown) antibodies, confirming the pres-
ence of midline-derived 3-galactosidase in
phagocytic macrophages (arrows). (d)
Whole-mount in situ hybridization to a
wild-type embryo at stage 14 using a
reaper DNA probe reveals the presence of
reaper mRNA in apoptotic bodies within
macrophages (arrows). In (a,b) scale bar
= 30 pIm, in (c,d) scale bar = 10 pIm.
Engulfment is dependent on cell death because, in H99
mutants, P-galactosidase derived from P[3.7sim/lacZ]
(Fig. 4b), P[1.Oslit/lacZ], and all other midline markers
were absent from macrophages. This finding suggests that
during programmed cell death, reaper function is crucial
for both the execution of cell death and the generation of
signals that target a dying cell for macrophage engulf-
ment. Interestingly, whole mount in situ hybridizations
of wild-type embryos using a reaper DNA probe indicated
the presence of reaper mRNA in apoptotic bodies within
macrophages (Fig. 4d). As the reaper gene is not expressed
in the macrophage lineage [7], and RNA is in general
rapidly degraded in dying cells, this suggests that reaper
mRNA may be selectively stabilized and may even con-
tinue to function within the corpses engulfed by macro-
phages. Similar in situ hybridizations using probes for
several midline glial-expressed genes failed to detect
corresponding mRNAs in macrophages (data not shown).
Hemocyte differentiation and migration in H99 and sim
mutants
The role of programmed cell death in macrophage devel-
opment and migration was examined by staining wild-
type (Figs 5a,b) and H99 mutant (Figs 5c,d) embryos
with an anti-peroxidasin antibody. In H99 mutants, per-
oxidasin-immunopositive cells are present in the same
numbers as in wild-type embryos, supporting the notion
that cell death is not required for hemocyte formation
[25], and additionally suggesting that cells of this lineage
do not undergo significant programmed cell death. H99
mutant hemocytes exhibit normal migration patterns and
are ultimately found in the same locations as in wild-type
embryos. Thus, the overall migration of these cells does
not require cues from dying cells. However, in the
absence of cell death, these cells fail to adopt the charac-
teristic morphology of mature macrophages, and retain
the appearance of non-phagocytic hemocytes (Figs 5g,h).
The migration of hemocytes toward the central regions
of the embryo occurs by several stereotypic pathways
[25]. One major migration route is along the ventral
midline, where developing hemocytes come into inti-
mate contact with the cells of the CNS midline and
neighbouring ventral epidermis (Fig. 5a). Many of these
cells extend through a series of segmentally reiterated
midline pores [20,21] which span the nerve cord (Fig.
5b). This association with the midline is transient; from
stage 12-14 there is prominent localization of macro-
phages along the ventral midline, whereas by stage 16
these cells have migrated to lateral midline regions.
Macrophage functions are likely to be important for nor-
mal ventral midline architecture, both in the removal of
dying midline cells and in secreting basement-membrane
components that comprise the midline pores.
The potential role of ventral midline cells in providing
cues for macrophage guidance was assayed by staining
sim mutant embryos with anti-peroxidasin antibodies.
The sim gene encodes a helix-loop-helix transcription
factor expressed in the developing CNS midline and
required for differentiation of both the CNS midline and
the ventral epidermis [12,13,15]. In sim mutants (simH9
and simRD62 null alleles were used and yielded identical
results), there was a conspicuous absence of migrating
macrophages along the ventral midline (Fig. 5e,f). These
cells otherwise appear normal, as they are dispersed in the
embryo and have differentiated morphologies. This find-
ing suggests that the ventral midline normally provides
migration cues for a subset of macrophages. As this mid-
line migration is not altered in H99 mutants, the genera-
tion of these guidance cues appears to be independent of
programmed cell death.
Conclusions
Our results suggest that programmed cell death plays
an important role in the organization of the Drosophila
embryonic CNS midline. In H99 mutant embryos that
lack cell death, from stage 13 onward excess midline cells
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Fig. 5. The role of programmed cell
death and ventral midline cells in
hemocyte migration and differentiation.
(a) A wild-type embryo at stage 14
stained with anti-peroxidasin antibodies
indicates prominent hemocyte migra-
tion along the ventral midline. (b) These
migrating cells extend through midline
pores that span the nerve cord (arrow).
(c) An H99 mutant embryo at stage 14
indicates that hemocytes are still formed
and exhibit midline migration. (d)
Hemocytes in H99 mutants also dis-
perse normally and extend through mid-
line pores (arrow). (e) In sim mutant
embryos at stage 14, there is an absence
of hemocytes along the ventral midline.
(f) Hemocytes in sim mutants are not
present within the nerve cord (arrow).
(g) In wild-type embryos at stage 17,
mature macrophages labeled with anti-
peroxidasin antibody exhibit a distinc-
tive spherical, vacuolated morphology.
(h) In H99 mutant embryos at stage 17,
cells labeled with anti-peroxidasin anti-
body retain a flattened fibroblast-like
morphology characteristic of undifferen-
tiated hemocytes. In (a-f), scale bar
= 65 m; in (g,h), scale bar = 15 .Lm.
are present, many of which are localized along the dorsal
surface of the nerve cord. Midline programmed cell death
was also analyzed in wild-type embryos, by monitoring
the engulfment of midline cell corpses by phagocytic
macrophages. Midline cell deaths are lineage- specific,
because the midline glia undergo prominent death
whereas few if any VUM neurons appear to die. In H99
mutants, rescued CNS midline cells continue to express
genes associated with their differentiated states, and
at least some rescued midline glia adopt morphologies
resembling wild-type glia.
Investigation of the relationship between programmed
cell death and macrophage development indicates that
hemocyte formation and migration do not require cues
from dying cells. However, subsequent differentiation of
these cells into mature macrophages does require pro-
grammed cell death, as H99 mutant hemocytes fail to
adopt differentiated morphologies and do not exhibit
phagocytosis. These findings suggest that reaper gene
function is necessary in cells undergoing programmed
cell death in order for signals that identify them for
phagocytosis by macrophages to be generated. The pres-
ence of specific midline guidance cues for migrating
hemocytes is implied by the absence of developing
macrophages along the ventral midline in sim mutant
embryos. While this manuscript was under review, simi-
lar results on midline glial cell death were reported by
Sonnefield andJacobs [27].
Materials and methods
Fly stocks and egg collections
The Df(3R)H99 strain was obtained from H. Steller [7]; the
P[l.Oslit/lacZ], P[4.5slit/lacZ] strains were from S. Crews
[15,18]; the P[AA142/lacZ] strain was from C. Goodman [10];
and the simRD62 strain was from C. Nusslein-Volhard. All flies
were raised at 25 C. Eggs were collected using yeasted grape
juice agar plates at 25 C or 18 C. Staging of embryos was
determined according to Campos-Ortega and Hartenstein [14].
Antibodies and immunocytochemistry
Collected embryos were fixed using the PEMS/formaldehyde
and heptane procedure [28] or fixed with 4 % paraformalde-
hyde using the same protocol. -galactosidase was stained
for using either a mouse monoclonal antibody (Promega; 1:800
dilution) or a rabbit (Cappel; 1:800 dilution) polyclonal anti-
body. Axon scaffold organization was monitored using mouse
monoclonal antibody BP102 (from C. Goodman; 1:5 dilution)
and VUM neurons were labeled using the mouse monoclonal
antibody 22C10 (from S. Benzer; 1:25 dilution). Hemocytes
and macrophages were labeled using a mouse anti-peroxidasin
antibody (from L. Fessler; 1:1 000 dilution).
All mouse monoclonal antibodies were diluted with PBT:H
(5 % normal horse serum in PBT; PBT: 125 mM NaCI,
16.5 mM Na2HPO 4, 8.5 mM NaH2PO4 , 0.1% Triton X-100,
pH 7.2). Fixed embryos were incubated at room temperature
with primary antibody for 2 h. The embryos were then
washed twice in PBT and incubated in biotinylated horse anti-
mouse antibody (Vector; 1:400 diluted in PBT:H) at room
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temperature for 1 h. Embryos were washed twice in PBT and
incubated with a streptavidin-horseradish peroxidase conju-
gate (Vector; 1:200 dilution in PBT) for 1 h at room tempera-
ture, followed by 4 washes in PBT. Antibody complexes were
visualized using either standard diaminobenzidine (DAB)/
H202 or metal-enhanced DAB solutions (Pierce). For double-
labeling with anti-peroxidasin and anti-3-galactosidase anti-
bodies, embryos were first stained for peroxidasin as described
above, and then developed using standard DAB/H 202 . The
stained embryos were then incubated with rabbit anti-[-
galactosidase antibodies, washed in several changes of PBT,
and visualized with an alkaline-phosphatase-conjugated goat
anti-rabbit antibody (Vector; 1:300 dilution) and the NBT/X-
phosphate complex (Boehringer Mannheim), which resulted
in the formation of a blue precipitate.
Whole mount in situ hybridizations
The reaper 13B2 cDNA clone [7] was used as a template to
generate two single-stranded digoxygenin-labeled DNA probes
via the polymerase chain reaction, essentially according to [29].
An antisense probe was generated using a 17-mer oligonu-
cleotide complementary to the 3' end of the protein-coding
region of reaper. A sense-strand control probe was synthesized
using a 23-mer oligonucleotide corresponding to the 5' end of
the coding region. Only the antisense probe yielded a detec-
table signal. The hybridizations were carried out essentially as
described [30], and visualized using reagents from a Genius
labeling kit (Boehringer Mannheim).
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